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DESCRIPTION 

This invention concerns the field of wireless point-to-point optical telecommu- 
nications systems. In particular it concerns a method and a device for altering the den- 
sity of the power radiated by an optical transmission system. 

Wireless optical transmission systems for transmitting a light signal on air are 
known. Operation of optical systems of this type, for transmitting a modulated light 
signal on air, is based fundamentally on one or more lasers coupled to one or more 
lenses (transmission side) and of one or more lenses capable of focussing the laser 
beam incident on the sensitive surface of the detector (receiving side). 

In traditional radio transmission systems, the level of power transmitted is eas- 
ily altered by adjusting the polarisation of the transistor or Gasfet of the power ampli- 
fier. 

In optical transmission systems, on the contrary, the laser has to work at a fixed 
power due to its intrinsic qualities. In other words, it is not possible to alter the output 
power of the lasers without affecting also other important features such as, for exam- 
ple, the work point. 

It is also known that the dynamics of optical receivers are very much less than 
in radio systems; in particular, photodiodes do not tolerate high levels of received 
power (<-10 dBm). Attenuation due to atmospheric conditions varies from 0.2 dB/Km 
(in good weather, i.e. "blue sky") to over 50dB/Km (in moderate fog). It is obvious 
that the level of power received will saturate the receiver in optimum atmospheric 
conditions. 

It would therefore be desirable to equip free-space optical transmission systems 
with a device, preferably an automatic device, capable of lowering the power trans- 
mitted by the laser when it is not required, that is to say in optimum atmospheric con- 
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ditions and therefore when there is no strong attenuation. Ideally, it would be desirable 
to equip free-space optical transmission systems with an automatic system for control- 
ling the transmitted power ATPC of the known type for traditional radio systems. 

Current wireless optical systems, however, have a fixed output power. In the 
design stage, depending on the wavelength of the link to be set up, a given type of la- 
ser is defined, and this in turn provides a certain output power (fixed, as already stated 
above). The cost of the system and its type also varies, obviously, depending on the 
type of laser installed. 

The main aim of this invention is to solve the problems referred to above and 
to provide a method and a transmitter capable of varying the level of radiated power in 
a transmitting telescope in laser on air telecommunications systems. 

A further aim of this invention is to provide a method and a transmitter capable 
of controlling the radiated power by acting on the transmission telescope in such a way 
as to create automatic control of the power being transmitted, similar to a typical 
ATPC used in traditional radio systems. 

Yet another aim of this invention is to provide an FSO telecommunications 
system far tougher than traditional systems as far as concerns sighting, with a wide 
transmission beam in fine weather (for most of the time), without requiring the use of 
auto tracking or other similar devices. 

These and other aims are achieved with the transmitter according to claim 1 
and with the method according to claim 9. Further advantageous features of the inven- 
tion are indicated in their respective dependent claims. All the claims are understood 
to be integral parts of this description. 

The idea underlying this invention is to transmit a beam with a very wide an- 
gle, sufficient to guarantee the quality of the link and to make the stability of sighting 
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less critical when the conditions of visibility are good; according to this invention, the 
beam transmitted is reduced in a linear fashion when the visibility becomes lower (due 
to mist, fog, rain, and so on). 

This invention will certainly become clear in the detailed description provided 
below by way of example only and not constituting a limitation, and which should be 
read with reference to the attached plates of drawings, in which: 

- Fig. 1 shows schematically how a laser beam appears depending on the po- 
sition of the source of light in relation to a convergent lens; and 
Fig. 2 shows schematically free-space optical communications system ac- 
cording to this invention. 
The transmission side of a transceiver according to the state of the art for a 
FSO (Free Space Optics) system general includes a source of light (laser or optical fi- 
bre termination) and a convergent lens located at a given fixed distance from the 
source of light. 

The transmission power of known FSO systems is fixed, and the angle of emis- 
sion is also fixed. There is, in any case, a maximum power limit beyond which, for 
reasons of cost and safety, it is not possible to increase the power budget of the link. 

It is possible to obtain a considerable increase by increasing the directivity of 
the laser beam, decreasing the angle of the beam being transmitted. By imposing con- 
straints on the mechanical structure supporting the system, the practical limit of the 
minimum angle of the beam is about 3 mrads. By imposing strict design limits on the 
structure, it is possible to reach 1.5 mrads. Possibly, thanks to complicated and expen- 
sive tracking systems, it is possible to reach a minimum angle of the beam of 0.3-0.5 
mrads. 
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It is therefore essential, in a wireless optical system, in order for it to function 
correctly, to ensure that the optical components of the transmission side and those of 
the receiving side are perfectly aligned so as not to introduce any additional losses into 
the signal to be transmitted. 

Obviously, the wider the angle of the beam transmitted is, the less critical the 
positioning structure of the optical transceiver will be. However, under the same con- 
ditions of distance covered by the link, the losses will be greater and, in the same at- 
mospheric conditions, the maximum distance over which the link can be installed will 
be shorter. 

In any case, as stated above, in all known systems the angle of the beam trans- 
mitted is fixed beforehand. 

This invention is based on the idea of transmitting a very wide angle, suffi- 
ciently wide to ensure the quality of the link, that is to say to make sure that the stabil- 
ity of the sighting is not highly critical when the conditions of visibility are good; 
however, this invention calls for the angle of the beam transmitted to be made smaller, 
in a linear way (that is to say to an extent proportional to the worsening of the envi- 
ronmental conditions) when visibility becomes poorer (due to the presence of mist, 
fog, and so on). In practice, the angle of the transmission beam is a function of the 
level of the field received. 

Generally, changes in visibility take place gradually rather than suddenly. It is 
therefore not necessary to provide means for changing the width of the beam rapidly. 
It is in any case essential to acquire information concerning the weather conditions and 
in particular concerning the level of the field being received. In bidirectional FSO 
links, the information concerning the level of the field being received can be obtained 
from the local receiver, since the type of fading is always flat. 
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It is in any case possible to use the information from the corresponding remote 
receiver in the event that, for other reasons (for creating service or monitoring chan- 
nels) a dispersed spectrum 2.5 GHz 2 Mb/s radio beam (free licences) is used in par- 
allel to the optical beam. 

In any case, the quality of the signal transmitted is ensured as long as the level 
of the signal being received is higher than the threshold level of the receiver. 

Each time the signal received decreases due to atmospheric problems (rain, 
snow or fog), the transmission power is increased by reducing the angle of the beam 
being transmitted. 

With reference to Fig. 1, by positioning the source of light (laser or termination 
of an optical fibre) on the focal point (f) of a convergent lens a collimated beam (very 
small almost non-existent angle, imposed only by the diffraction limit) is obtained. 

If the source of light is brought closer to the lens or the lens is brought closer to 
the source, a diverging spherical wave is produced as if it were emitted by a virtual fo- 
cus^. 

If / is the distance between the focal point and the convergent lens, f\ is the 
distance between a generic point of light emission and the convergent lens (closer than 
f, that is to say /!</), Af is the difference between / and f u and D is the diameter of the 
convergent lens, then it is possible to calculate the angle a of divergence of the beam 
using the formula given below. This is because the lens appears as a diaphragm of the 
spherical wave. On applying the equations of geometrical optics, it is found that the 
angle of the beam is a function of: diameter and focal point of the lens (fixed due to 
other considerations taken into account in design) and of the distance A/ that is to say 
how far forward one is as compared with the focal point. 

DAf 

a = =2- 

f 2 
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By keeping the source fixed and moving the transmission lens along the optical 
axis (normally having a diameter of between 2 and 5 cm) we obtain the variable angle 
of the beam. Of course, the same results can be achieved by keeping the lens fixed and 
moving the source towards the lens itself (in order to increase the angle a) or by 
bringing the source towards the focal point, as indicated in Fig. 2. 

Fig. 2 shows a transceiver 10 that includes a transmitter 12 according to this 
invention. Opposite to the transceiver 10, or better, opposite to its transmitter 12, there 
is a remote receiver 14 for forming an FSO transmission system. 

The transmitter 12 includes a convergent lens 16 and means 18 for generating 
light, in the form of a laser or of an optical fibre termination. The convergent lens has 
a focal point at a focal distance / from the lens, calculated along the optical axis. The 
means 18 for generating light are at a source distance f\ from the lens, again calculated 
along the optical axis. According to the invention, means 20 are provided for changing 
the source distance f\. Conveniently, these means 20 may be linear motors or stepping 
motors or transducers. 

The motion of the means 1 8 for generating light takes place responsive to in- 
formation concerning the level of received power supplied by a local optical receiver 
22 of the transceiver 10. 

By reducing the source distance (source closest to the lens), the divergence an- 
gle a of the beam increases (the beam becomes wider and its power density decreases) 
passing from al to a. The difference in gain, in dBs, is AGain = 201ogor/al , which is 
equal also to the difference in power. 

Conveniently, the relative movement of the lens in respect of the focus can be 
achieved by means of one or more linear motors and one or more worm screws. As an 
alternative, considering the light weight of the object to be moved and the short dis- 
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tances to be covered, it is possible to use components that are readily available on the 
market, such as magnetic transducers or other similar devices. 

At this point, the main advantages of the invention are clear. In the first place, 
the invention solves the problem of the maximum level tolerated by the optical re- 
ceiver. Indeed, even using a laser with a fixed power higher than that which might be 
necessary in order to establish an optical link of a certain length in optimum weather 
conditions, the power received is reduced by widening the angle of the transmission 
beam (reducing the distance between the focus and the lens). 

Furthermore, this invention eliminates all the periodical maintenance problems 
relating to realignment that are typical of systems that have fixed transmission angles. 

This invention also improves the safety of FSO transmission systems and pos- 
sibly enables them to be used even in areas subjected to specific restrictions in terms 
of the level of power. In other words, for most of the year (in favourable climatic con- 
ditions), the density of transmitted power is considerably reduced since a wide beam is 
being transmitted. 
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